Experiments were conducted to investigate the microaerobic culture of Helicobacterpylori in a liquid medium by using gas-permeable Lifecell tissue culture flasks. Growth in Lifecell tissue culture flasks was 1.2 to 1.6 log units greater than that in glass control bottles. These results were comparable to those reported by the use of gyrated media.
The optimal conditions for culturing Helicobacter pylori in vitro have not yet been established (7) . Adequate gassing of liquid medium with a microaerobic atmosphere is required for rapid and sustained growth (5) . This can be achieved in a chemostat (2) , by culture in flasks in a shaking incubator fitted with a gassing hood (5, 6) , or by using a small volume of medium in conventional tissue culture flasks giving a high surface-area-to-volume ratio (1) .
We present here a novel method for the broth culture of H. pylori by use of a gas-permeable, flexible tissue culture flask (Lifecell; code no. 4R2110; Baxter Healthcare Ltd.). This Lifecell flask resembles a large plastic intravenous fluid pack and is constructed from highly gas-permeable polyolefin which enables gaseous exchange over the large surface area of the liquid in the flask. Medium and bacteria are transferred through tubes attached to the flask. This system was introduced for tissue culture (3) and has not, to our knowledge, been previously described for bacterial culture.
The purpose of the present study was to compare the growth of H. pylori in liquid medium in Lifecell flasks with growth in standard, loosely capped, 500-ml glass Winchester bottles (Baird and Tatlock Ltd.) incubated in a microaerobic atmosphere. . A 1-in-10 dilution of this suspension was prepared, and 2.5 ml was added to the 250 ml of brucella broth in the Lifecell and control vessels. The initial number of viable organisms in each vessel was of the order of 105 CFU/ml (viable count at time zero).
Viable counts were determined by the plate count technique on 2-ml samples taken from each vessel at 24-h intervals. After incubation on Columbia agar containing horse blood (7%) for 72 h at 37°C, colonies were counted and the original number of CFU per milliliter was calculated. When the broth that was removed became visibly turbid, the optical density at 625 nm was measured with the Corning colorimeter 253.
Each experiment was carried out on each strain on four separate occasions, and the results were analyzed by using the nonparametric Mann-Whitney U test. The Lifecell data showed a statistically significant improvement in growth by day 2 for all three strains (L6, P < 0.01; Bi and NCTC 11637, P < 0.05); this difference in viable counts between the two vessels increased on days 3 to 5 (P < 0.001 for all three strains).
For all three strains, maximum viable counts obtained in the Lifecell flasks were 1.2 to 1.6 log units greater than those in the control bottles, and although growth plateaued, the optical density of the broth in the Lifecell system continued to increase up to day 6 of incubation; this may have been due to cell lysis, clumping, or differences in morphology. Microscopic examination of samples taken after 6 days of incubation showed curved rods in the Lifecell system and coccal forms with some rods in the control bottles, indicating unfavorable conditions for growth and survival of H. pylori in the control bottles (4). The kinetics of growth and optical density curves for the type strain (NCTC 11637) are shown in Fig. 1 and 2 , respectively.
These results indicate that significant improvement in the growth of H. pylori can be achieved by incubating a liquid medium in a gas-permeable container in a microaerobic atmosphere; this is in comparison with the growth achieved in an impermeable container with a relatively small surface area of liquid exposed to the atmosphere. The Lifecell flask gave maximum total counts of 8.5 x 107 CFU/ml after 48 h of incubation of the type strain. These counts approached those obtained with a chemostat (108 to 109 CFU/ml [2] ) and those reported in gyratory systems (5, 6) with the same initial inoculum (105 CFU/ml). The biphasic system with gyration (6) achieved counts of 7 x 108 CFU/ml after 48 h of incubation, and the gassed gyratory shaking platform (5) Initial experiments with broth without selective antimicrobial agents failed because of contamination of the Lifecell system during multiple samplings. For tissue culture work, it is recommended that the Lifecell flasks be manipulated in a laminar flow cabinet. However, it may be possible to devise containers for culturing bacteria by using the same gaspermeable polyolefin material with access ports that are less easily contaminated. Such a system should enhance the culture in broth of other bacterial species in special atmospheres when gyration facilities are not available. Don Whitley Scientific Ltd. donated the VAIN cabinet and provided financial assistance for this research.
